ZnO nanorods present a great potential for application in optical, sensing and piezoelectric devices thanks to their nanometric diameter and large surface area. In some of these applications a probing current must flow directly through the nanorods, requiring each nanorod to be directly connected to two electrodes. To attain this architecture few solutions have been proposed in the past, mostly involving the use of complex and time-consuming procedures, but the large-scale production of such devices represents still a major challenge.
refilling of growth solution is usually required after a couple of hours. 32 Only few reports demonstrated the possibility of obtaining such long and narrow ZnO NRs through one-pot hydrothermal syntheses.
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In several applications NRs present some advantages over nanocrystalline thin films, however the large-scale fabrication of devices based on ZnO NRs represents still a major challenge. In most reported applications the NRs are grown on top of a countinous film that is directly in contact with the electrodes. 21, 32 In sensing applications this configuration does not take full advantage of the NRs characteristics, as the probing current is mostly confined in the basal film, with the NRs producing only an indirect influence on its response. In order to take full advantage of the NRs geometry the probing current should flow directly through them. Examples of this architecture has been reported in few cases, but it has been mostly realized through a pick-and-place approach, in which a single NR or, more commonly, a large number of them, are detached from the substrate where they have been primarily grown and repositioned on other substrates provided with metallic electrodes. 34 , 35 When applied to a single NR this method results to be extremely time consuming and presents some interest only for basic research applications. Much more viable is the use of large number of NRs suspended in a solvent and then dispersed on a substrate, but this approach usually produces a low density network of NRs that is poorly reproducible and presents poor connection with the metallic electrodes and among the NRs themselves.
36,37
An alternative and more promising approach for large scale applications is represented by the synthesis of a network of interconnected NRs grown from appropriately patterned seed layers directly connected to the metallic electrodes. When properly designed, this approach can take advantage of the self-organizing characteristics of these nanostructures, resulting in a minimum number of fabrication steps. Few examples of simple, one dimensional patterned hydrogel (v) undergoes a thermal degradation at 500 °C, yielding a pattern of ZnO micropillars (vi), which is then used as a seed layer for the hydrothermal growth of the NRs network (vii).
The same simple procedure can be applied with no modifications on substrates presenting metallic interdigitated electrodes. A schematic of a network of ZnO NRs synthesized on this kind of substrates is shown in Figure 1b , which highlights how the purpose of providing an electrical path between two electrodes can be efficiently fulfilled by the bi-dimensional network of inter-connected ZnO NRs, grown from neighboring ZnO pillars. The inset of Figure 1b shows the good contact existing between adjacent NRs, which result to be partially compenetrated.
Patterning of the seeding layers.
As mentioned above, the first stage of the process is represented by the synthesis of the micropillars of nanocrystalline ZnO, which will then act as seeding for the subsequent growth of the NRs network. The good outcome of this first step, in terms of patterning quality, is therefore crucial for the entire process: Figure 2 shows the results obtained at this stage of the procedure. After removal of the PDMS mold, a high quality pattern of prisms made out of solid Zn-loaded hydrogels is obtained (Figure 2a ). The base dimensions of the prisms are 3.5x3.5 µm, while their height is about 10 µm. The spacing between the prisms was about 6 µm. Upon thermal treatment the organic matrix is degraded and the Zinc ions dissolved in the hydrogel convert into ZnO. The process is accompanied by a significant contraction in molar volume. This volume contraction is mostly adjusted through a reduction in the micropillars height, but a significant lateral shrinkage is also observed. Although presenting some slight deformation, the quality of the lithographic process appears to be excellent, despite the large decrease in molar volume associated with the degradation process. The patterns result to be uniform and defect free over large areas, up to several square millimeters. It must also be noted the complete absence of any residual film between the micropillars even when inexpensive and untreated microscope glass slide are used as a substrate.
Growth of the ZnO NRs network.
The next step of the process is represented by the hydrothermal growth of the network of ZnO NRs. We optimized a hydrothermal synthesis allowing the growth of ZnO NRs with high length-over-diameter ratio. This synthesis employs zinc nitrate as a source of cations, PEI is a well-known organic non-polar surfactant usually added to limit the growth in width of ZnO NRs by virtue of its tendency to interact preferably with non-polar lateral surfaces of ZnO NRs, reducing their lateral growth. [25] [26] 31 In this case, the presence of PEI helps to Because of these characteristics no further heat treatment is required to improve the conductivity of the NRs network at the end of the process, as often required in the case of networks obtained by deposition of NRs suspended in a solvent.
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The entire deposition process can be reproduced with no modifications on substrates provided with metallic electrodes, allowing the direct realization of actual microdevices Table 1 shows the SR at different operating temperatures and different gas concentrations. It is evident as higher operating temperature result in better values of SR for all the investigated gas concentration. Several NO 2 gas response tests have been carried out and the SRs uncertainty has been reported in Table 1 .
Gas adsorption/desorption is reversible, indicating a complete recovery of the base line that appears to be more complete at higher operating temperatures (i.e. 75°C), as reported in Figure 8c .
The resistance increase observed upon NO 2 exposure confirms an n-type response, in agreeement with previous research. 60 The surprisingly low resistance in dry air, which The strong influence of UV radiation on the sensitivity and response time of semiconducting oxides has been intensively investigated only recently. 61, 62, [66] [67] [68] In our case the energy of the radiating source is too low to photogenerate electron-hole couples, as its wavelenght (430 nm) is well above the intrisic absorption edge for ZnO, located at 380 nm.
However, recently it has been pointed out that electrons in the valence band of ZnO can be promoted to the conduction band by lower energy photons through two-or multi-photon processes. 62 These generated holes can then interact with the chemically adsorbed oxygen molecules, promoting their desorption and producing free adsorption sites for the target molecules. As evidenced in Figure 8d , however, the resistance of the sample at 25 °C in dark conditions is only twice of the resistance of the irradiated sample. This again indicates that the elevated conductivity of our samples is primarily related to the extended Instruments) operated at 0.4 mW, followed by an inductively coupled plasma-reactive-ion etching (ICP-RIE) realized using a SI 500 plasma etcher (Sentech Instruments GmbH) through Bosch process, using SF 6 
Hydrothermal growth of ZnO NRs networks.
Networks of ZnO NRs were obtained through hydrothermal processes using the previously water and dried at room temperature.
Electrical characterization.
Gas sensing measurements were carried out on samples that have been grown on a on 5x5 
Conclusions
We presented a new approach towards the synthesis of large-area sensing devices based on a bi-dimensional network of ZnO NRs. This approach is based on an all-solution method that couples a simple soft-lithographic procedure, applied to metal-loaded hydrogels, and aqueous hydrothermal growth of ZnO NRs. It involves the use of an extremely simple experimental setup and very inexpensive and environmentally benign chemical reactants.
The method allows the formation of well connected networks of NRs over areas of several 
